Seasonal variation in cell proliferation and cell migration in the brain of adult red-sided garter snakes (Thamnophis sirtalis parietalis).
Plasticity in the adult central nervous system has been described in all vertebrate classes as well as in some invertebrate groups. However, the limited taxonomic diversity represented in the current neurogenesis literature limits our ability to assess the functional significance of adult neurogenesis for natural behaviors as well as the evolution of its regulatory mechanisms. In the present study, we used free-ranging red-sided garter snakes (Thamnophis sirtalis parietalis) to test the hypothesis that seasonal shifts in physiology and behavior are associated with seasonal variation in postembryonic neurogenesis. Specifically, we used the thymidine analog 5-bromo-2'-deoxyuridine (BrdU) to determine if the rates of cell proliferation in the adult brain vary between male snakes collected during spring and fall at 1, 5, and 10 days post-BrdU treatment. To assess rates of cell migration within the brain, we further categorized BrdU-labeled cells according to their location within the ventricular zone or parenchymal region. BrdU-labeled cells were localized mainly within the lateral, dorsal, and medial cortex, septal nucleus, nucleus sphericus, preoptic area, and hypothalamus. In all regions, the number of BrdU-labeled cells in the ventricular zone was higher in the fall compared to spring. In the parenchymal region, a significantly higher number of labeled cells was also observed during the fall, but only within the nucleus sphericus and the combined preoptic area/hypothalamus. The immunoreactive cell number did not vary significantly with days post-BrdU treatment in either season or in any brain region. While it is possible that the higher rates of cell proliferation in the fall simply reflect increased growth of all body tissues, including the brain, our data show that seasonal changes in cell migration into the parenchyma are region specific. In red-sided garter snakes and other reptiles, the dorsal and medial cortex is important for spatial navigation and memory, whereas the nucleus sphericus, septal nucleus, and preoptic area/hypothalamus are central to reproductive regulation. Thus, our results provide support for the hypothesis that adult neurogenesis plays a role in mediating seasonal rhythms in migratory and reproductive behaviors.